As light intensity increased, the net photosynthetic rate and O 2 penetration depth increased.
10
As light intensity increased, the net photosynthetic rate and O 2 penetration depth increased.
11
The maximal net photosynthetic rate and O 2 penetration depth were 6.1 µmol O 2 /cm 
28
Photosynthesis significantly affects carbon and nitrogen cycles in river systems 29 (Falkowski and Raven, 1997b) . While the primary photosynthetic microorganisms in the 30 sea are planktonic microalgae, in rivers photosynthetic microorganisms in microbial mats, 
15
In the river systems, oxygenic photosynthesis, followed by increases in O 2 and organic 
25
Rivers flowing through urban areas receive anthropogenic inputs of organic carbon 26 and nutrients (e.g. nitrogen and phosphorus) from adjacent land (Chen et al., 1999;  27 Sørensen and Revsbech, 1990 and were calibrated and used as described elsewhere (Okabe et al., 1999a).
6
A flow cell reactor (60 (L) × 10 (W) × 5 (H) cm) for microelectrode measurements was 7 constructed using an acrylic board (Fig. 2) . The sediment samples were positioned in the 
17
Porosity and Ds at relevant depths of the investigated sediments are summarized in Table 2 . 
26
At steady state, the photosynthetic O 2 production in any layer will balance the combined 27 losses due to respiration and to diffusion of O 2 away from that layer (calculated negative if 28 there is a net diffusion to the layer). When illumination is suddenly stopped, diffusion and 29 respiration are initially unchanged, so that the O 2 concentration in the layer will decrease at 30 a rate equal to the former photosynthetic rate. Furthermore, specific O 2 respiration rates (R O2 ) were calculated from these rates by subtracting the P net from the P gross for each layer of (Fig. 7A) . These results
29
indicate that in nature, the O 2 penetration depth in the sediment could change from ca. 0.7 30 mm to ca. 2.2 mm in accordance with fluctuations in sunlight intensity (Fig. 4) . (Fig. 6) . Consequently, the 5 locations of the zones of anoxic microbial processes should fluctuate in accordance with a 6 diurnal cycle of sunlight intensity. In the deeper parts of the sediment, the metabolic rates 7 were low because biodegradable organic carbon and nutrients were usually limited due to The sediment sample was collected on 9 September 2001. The P net in the sediment at the 4 point 2 was higher than in the sediment at the point 1 (Fig. 7) . In the sediment 5 photosynthesis occurred even at 100 µmol photons/m 2 /s (Fig. 9B) . The P net (6.6 µmol (Fig. 7E ).
8
With increasing light intensity, the maximal P net in the sediment at the point 2 increased. 
10
The difference in the photosynthetic rates between these two types of sediment may be 11 attributed to difference in photosynthetic microorganisms between the sampling sites,
12
although the photosynthetic microorganisms in the sediments were not investigated. Table 2 Photosynthesis in sediment determined at high spatial resolution by the use of microelectrodes Yoshiyuki Nakamura et al. Yoshiyuki Nakamura et al. 
